Introduction
Peptic ulcer disease (PUD) and its complications affect about six million individuals per year in the US, contributing fairly to increased healthcare costs [1] . PUD exerts a significant economic impact directly, in terms of hospital costs and indirectly by the significant loss of workdays. Since the advent of effective antimicrobial agents in the 1980s [2] and increased awareness about PUD association with Helicobacter pylori (H. pylori) since 1990s [3] , there has been a downward trend in the H. pylori-related PUD hospitalizations in the US. Interestingly, there has been an increase in the incidence of non-H. pylori and non-NSAID-related peptic ulcers in the United States, accounting for about 30% of ulcers observed in the region [4] . This indicates that the incidence of PUD may also be related to other factors such as age, sex, geographical distribution, seasonal trend, lifestyle, and genetics besides H. pylori, its primary cause. Some other studies conducted have shown increased incidence of peptic ulceration in the elderly, men, and in people with dietary habits involving spicy food or increased salt intake and also increased smoking and alcohol consumption [4] .
The seasonal periodicity in the occurrence of ulcer disease has been described numerous times previously in other countries, with most studies describing winter abundance and a summer deficit [5] [6] [7] . Some studies showed two peaks in spring and autumn [8] ; whereas a large scale study in Italy by Roberto Manfredini, et al. [9] described three peaks in spring, autumn and winter. Various other disease processes like myocardial infarction, cerebrovascular accident and congestive heart failure have shown seasonal variation in their hospitalization rates [10] [11] . There has been little evidence to confirm the impact of seasons and also the regional distribution on PUD in the US, and also there is limited information with regard to the cost of healthcare and the length of stay for PUD in the US.
We aim to ascertain a seasonal periodicity of PUD hospitalization by looking into the largest database available in the US and also determine the cost of hospitalization and length of stay.
Materials And Methods

Data source
The National Inpatient Sample (NIS) was used to obtain data from 2000 to 2011. This is the largest available inpatient all-payer inclusive registry available in the US, which includes approximately seven to eight million discharges per year [12] . This sample is designed to represent approximately 20% of US community hospitals. National estimates were calculated using sampling weights provided by the NIS. Each individual entry consists of demographic information, which includes age, sex, ethnicity, insurance and socioeconomic status, comorbidities, hospitalization outcome, length of stay, and the cost of hospitalization. The NIS database contains one primary discharge diagnosis and up to 24 secondary discharge diagnoses during the period of hospitalization. The severity of comorbid conditions was defined using Deyo modification of Charlson comorbidity index, calculated using ICD-9 codes. The NIS data has been used previously to study national trends of several diseases, medical procedures and their complications, and health care usage [13] .
This study was exempt from IRB review after human subject research determination.
Study population
Utilizing the NIS data from 2000 through 2011, PUD-related admissions were identified using the International Classification of Diseases (ICD-9), 9th Revision, Clinical Modification code 531.00 to 534.91 as the principal discharge diagnosis. Using the same codes, the location of the ulcer (gastric, duodenal, or others) and PUD-related complications like hemorrhage, perforation and hemorrhage with perforation were also identified. Patients <18 years of age, admissions with missing age, sex, race, and admission or discharge dates were excluded.
Outcomes
The primary goal of our study was to determine the trends in the rate of hospitalization for PUD, its complications based on the ulcer location, and the demographic characteristics of the PUD population. The secondary goal of our study was to determine the economic burden of PUD in the health care system by evaluating the average cost per hospitalization and the length of stay and to delineate the seasonality of PUD in the US and its various regions over the 12-year period.
Definition of variables
The NIS variables were used to identify patient age, sex, and race. Race was divided into White, Black, Hispanic and others. Age was divided into five groups: 18-34 years of age, 35-49 years of age, 50-64 years of age, 65-79 years of age, and 80 years of age or older. PUD-related complications were divided into hemorrhage, perforation, or hemorrhage with perforation. Their sites of occurrence were gastric, duodenal or unknown. We considered participating hospitals as teaching hospitals only if they had an Accreditation Council for Graduate Medical Education (ACGME) accredited residency program, were a member of the Council of Teaching Hospitals, and/or had full-time equivalent interns and a resident to patient ratio of >=0.25. Hospital location (rural/urban) and bed size were also taken into account. 
Results
Demographics
We identified a total of 351,921 hospital admissions with the primary discharge diagnosis of PUD, of which 54% were gastric in location, 43% duodenal and the remaining three percent unspecified site. Table 1 shows baseline characteristics of the study population from 2000 to 2011. The number of PUD hospitalizations decreased from 49,524 in 2000 to 17,499 in 2011. The mean age of the study population was 66.2 ± 17.4 years (mean ± SD); 52% were males and 48% were females. The majority of the patients were White (57%). Hospital admissions for PUD were more common in patients 65-79 years of age (33%); most had Medicare (58%) as the primary payer, the majority of those admissions occurred emergently (89%), and most involved hospitals were located in an urban nonteaching setting (47%). There was no significant difference in the overall admissions for PUD based on the median household income. The mean cost during the study period was $13,324 (Std. error=87), and the mean length of stay was six days (Std. error=0.02). 
Year
Complications
Overall total of 311,677 (89%) complications were reported, of which 261,301 (84%) (p <0.0001) were hemorrhages, 37,954 (12%) (p <0.0001) were perforation and 12,422 (four percent) (p<0.0001) included hemorrhage with perforation. As shown in Figure 1 , hemorrhage mostly occurred with gastric ulcers (54%), whereas perforations were mostly seen with duodenal ulcers (54%). The likelihood of hemorrhage along with perforation was also higher in duodenal ulcers (38%) when compared to gastric ulcers (28%), and the remaining 34% did not have a specified ulcer location. The rate of major complications like hemorrhage decreased by 66%, perforation by 53.4% and hemorrhage with perforation by 73.7% from 2000 to 2011 (Table  4) . 
Mortality
The overall in-hospital mortality was 4.0% (p < 0.0001). This rate significantly decreased from 4.3% in 2000 to 3.1% by 2011. Figure 2b translates into a rise in the PUD admissions from winter (895/day), reaching a peak in spring (916/day), and then a gradual decline reaching a nadir in the fall (861/day). Figure 4 shows the monthly/seasonal variation of PUD admissions in the Southern and the Western regions. As shown in Figure 4a , the highest number of admissions for PUD in the South occurred in the months of February (327/day), March (320/day), May (311/day) and September (310/day), while the lowest number of admissions occurred in the month of December (277/day). Figure 4b shows the highest number of admissions for PUD in West occurred in the months of February (220/day), March (213/day), April (215/day) and May (210/day) whereas the lowest number of admissions occurred in the month of November (184/day). The seasonal trend of PUD in the Southern region (Figure 4c ) and the Western region (Figure 4d ) translated into a gradual increase in the number of PUD admissions from winter (S (302/day); W (209/day)), reaching a peak in spring (S (307/day); W (213/day)), falling through summer (S (298/day); W (194/day)) and then reaching a nadir in the fall (S (293/day); W (187/day)). 
Seasonality of PUD hospitalization in the US and its regions
Discussion Demographics
When assessed, NIS hospitalization trends for PUD in the US over the 12-year period observed an overall decrease in the rate of hospitalizations. This is consistent with the trends reported in prior studies [1, 14] . These findings are possibly due to the increased awareness and treatment of Helicobacter pylori and the usage of proton pump inhibitors (PPIs). The number of PUD admissions was more in males (52.4%) than females (47.6%), which was consistent with other studies that observed PUD to have male sex predominance [4] . This could be due to frequent usage of antimicrobials to treat other illnesses in women [15] and also due to differences in the lifestyle and cigarette smoking pattern between the two sexes [4] .
Increased rate of hospitalization for PUD was seen in patients aged 50-64 years. Old age has been associated with a higher risk of PUD due to reduced levels of prostaglandins in the antrum, post-bulbar duodenum and the fundus; thus, exposing the gastric mucosa to a greater risk of ulcerogenic damage [16] . Another possible contributing factor is the increased use of non-steroidal anti-inflammatory drugs (NSAIDs) in the elderly and other concomitant diseases [16] .
In our study, PUD admissions were predominantly seen in Whites, which is consistent with the study by Chung, et al. [16] which stated that the ethnic differences may be due to the genetic changes in the gastric mucin and there could be a role of the HLA-DQA1*0102 allele in regards to susceptibility to H. pylori infection. Also, enzymes responsible for slow acetylation, reduced metabolism of debrisoquine and phenytoin play a role in increased PUD incidence and have been found to be about 50% polymorphically distributed in the US population [4] .
Variation in lifestyle, socioeconomic factors such as birth outside United States, less education, lower income, household crowding and unknown genetic factors may contribute to the ethnic differences observed in the incidence of PUD [15] [16] .
Complications and mortality
Uncomplicated PUD has a lower incidence because of the effective eradication regimens for H. pylori; however, an increasing incidence of the complications related to PUD has been observed [17] . Most of these complications have been attributed to the frequent use of NSAIDs in the US [18] . The most common complication encountered in our study was hemorrhage (84%) mostly in the gastric region (54%). In the United States, gastrointestinal bleeding, resulting from PUD is a major cause of hospitalizations [19] . However, our study shows that there has been a considerable decrease in the number of hospitalizations resulting from hemorrhage from 37,630 in the year 2000 to 12,791 in 2011 (p<0.0001). Similar trends were seen in the of hospitalizations due to perforation and hemorrhage with perforation in both gastric and duodenal sites during the 12-year study period, suggesting better clinical management with revolutionary endoscopic techniques as well as medical therapies like proton pump inhibitors and H-2 receptor antagonists.
The PUD related in-hospital mortality in our study, decreased significantly over the years.
A study by Lewis, et al. [20] suggested that the decreasing mortality and morbidity rates may be due to the increased use of anti-ulcerants rather than decreased NSAID utilization. Expanded indications for diagnostic and screening endoscopy could be another reason for the reduction in the mortality of PUD.
Cost associated with PUD
Per-capita public health spending (inflation-adjusted) rose from $39 in 1960 to $281 in 2008 and has fallen by 9.3% since then. Public health's share of total health expenditures rose from 1.36% in 1960 to 3.18% in 2002, then fell to 2.65% in 2014; it is projected to fall to 2.40% in 2023 [21] . One of the studies which looked into the direct costs of digestive diseases in the US including inpatient and outpatient services showed PUD to be the fourth most expensive GI disorder [22] , which is also reflected by the growing inhospital cost as seen in our study. PUD is the most expensive acid-related disorder due to increased hospitalization especially in the first six months of diagnosis [23] .
Seasonal variation of PUD in the US
Fares, et al. [24] in their study suggest that winter months had a higher incidence of PUD when observed globally. Similar inferences were drawn in other studies [9, [25] [26] wherein, the highest number of gastric and duodenal ulcers and related complications were diagnosed between October to March, i.e end of fall and early spring.
Contrary to the strong theory of winter being the peak seasons for peptic ulcers, our study showed that the incidence of PUD admissions in the US started to rise in the winter but peaked in the spring and reached a nadir in the fall. The seasonal variation of PUD admissions in the four regions of the US differed to some extent with the Northeast and Midwest regions having peaks in spring and summer months with a subsequent decline seen in the fall; while the West and South regions had their peaks in spring with a subsequent decline over the summer and reached a nadir in the fall. This may be due to the unique seasonal pattern in each of these regions as the Northeast and the Midwest regions of US experience longer and more severe winters and shorter summers when compared to the South and the West US regions where the summers last longer and the winters are less severe.
The trend of PUD admissions for all four regions started to rise in winter. Xirasagar, et al. [27] have discussed the complex relation of temperature and humidity with the occurrence of duodenal ulcers. They also stated that there is an adverse independent relationship of humidity with older patients and that the seasonality of duodenal ulcers could be generalized in older age groups. Liu, et al. [28] , in their study in Nanning, China concluded that there existed a relationship between the meteorological factors and the onset of peptic ulcers such that the winter and the spring season were predominant over summer and fall, supporting our study. Another study concluded that hemorrhages due to gastric ulcers were largely seen in winter months, when the mean temperature and mean vapor pressure were low, while the mean atmospheric pressure was high, contrary to summer when there was a high mean temperature and mean vapor pressure, while the mean atmospheric pressure was low, thus lower incidence [29] .
Environmental stress is also a risk factor to PUD. During the colder months, as a result of harsh cold conditions and constantly fluctuating temperatures, the human body experiences considerable acute stress actions triggered by sympathetic nerve excitation and rapid secretion of noradrenaline and adrenaline resulting in the contraction of blood vessels and the duodenal mucosa ultimately leading to mucosal damage due to insufficient oxygen [24] . Thus, the gastric secretions, with high amounts hydrochloric acid, further increase the susceptibility of the damaged mucosa to PUD [24] . The seasonal photoperiodicity invokes the circannual variations of melatonin, which may play a major role in causing duodenal ulcers in addition to the stress caused by harsh winter conditions [27] .
In addition to meteorological factors, the seasonal variation observed in our study could also be due to the fact that most adults are prone to worsening of existing conditions like osteoarthritis and rheumatoid arthritis during winter months, which results in the increased NSAID usage [24] . A study suggested that smoking was more common in winters [27] . Other less obvious contributing factors may be due to the presence of concomitant diseases such as Crohn's disease, Zollinger-Ellison syndrome [18] . Alcohol and caffeine consumption may also contribute, but their association with the seasons is weakly linked and requires further studies.
Our study had certain limitations. The NIS is a retrospective database using administrative ICD 9 codes, thus questioning the accuracy of coding procedures. NIS does not capture readmission rates; hence, the mortality rate could be underestimated. We were unable to directly evaluate the correlation of H. pylori, NSAID exposure, smoking, alcohol intake, caffeine or any other medication use with hospitalization. We could not study independent meteorological factors for the seasonality of PUD. The cost of the disease may be underestimated due to the limitation of measurement of indirect cost such as loss from workdays while consuming health care and the inability to account for long-term care cost like nursing home care. Our data does not include the outpatient encounters and the cost involved in outpatient medications. However, these limitations are counterbalanced by the large sample size and absence of reporting bias as in some publications from specialized centers.
Conclusions
We noted a decreasing incidence of PUD as well as its complications over a 12-year period. Nevertheless, the rising cost is still a concern that needs to be addressed by developing effective and economical diagnostic or treatment strategies and increasing awareness of the other potential risk factors for PUD. We also noted a seasonal variation of PUD admissions throughout the various regions of the US, with a peak in the spring and nadir in the fall. The variation observed may be due to the different geographical location of the four regions, the effect of meteorological factors on the human body, and the increasing use of NSAIDs in the United States. This variation also has significant economic and clinical implications on our health care system. Being more vigilant and having better availability of hospital resources during this vulnerable period can help to avoid dreaded complications of hemorrhage, perforation, and death. Further large-scale studies focusing on the various risk factors and their association with the seasonal trends of PUD are suggested to better understand the etiology of the disease and thus contributing to its early diagnosis and management.
